A protocol for non-destructive descrimination of arbitrary set of orthogonal quantum states was proposed by V. S. Manu et al., using an algorithm based on quantum phase estimation. IBM Corporation has released a superconductivity based 5-qubit (5-qubit transmon bowtie chip 3 and IBM 5-qubit real processor) quantum computer named Quantum Experience and placed it on cloud. In this paper we take advantage of the online availability of those real quantum processors(ibmqx2 amd ibmqx4) and carry out the above protocol that has experimentally demonstrated earlier using NMR quantum processor. Here, we set up experiments for arbitrary one-qubit and two-qubit orthogonal quantum states. The experiment confirmed that the arbitrary orthogonal quantum states can be discriminate in a nondestructive manner with a high fidelity. We compare the outcomes of those experiments which are done by ibmqx2 and ibmqx4 processors. Here, we also show the state tomography for the single qubit experiments.
I. INTRODUCTION
There are many protocols [1] [2] [3] [4] available for orthogonal quantum state discrimination. Phase estimation plays an important role in quantum computation and is a key element of many quantum algorithms [7, 16] . When the phase estimation is combined with other quantum algorithms, it can be employed to perform certain computational tasks such as quantum counting, order finding and factorization. By defining an operator with preferred eigen-values, phase estimation can be used for discrimination of quantum states with certainty. It preserves the state since local operations on ancilla qubit measurements do not affect the quantum state. Besides this, several groups use the phase estimation algorithm in quantum chemistry [12, 13] , genetics [11] and also in quantum cryptography [7, 16] . IBM Corporation has released the Quantum Experience which allows users to access 5-qubit quantum processors(ibmqx2 qnd ibmqx4). We take advantage of the online availability of this real hardware and present the non-destructive discrimination of orthogonal quantum states. Here, we experimentally implement this protocol which is given by V. S. Manu et al. [5] , using the five-qubit superconductivity based quantum computer. A comparison of the outcomes of those experiments using IBM quantum processors and the outcomes which are obtained earlier in the NMR quantum processor. IBM quantum processor which we have used here, is placed at T.J.Watson lab, York Town, USA. Till now several groups have used the 5-qubit quantum computer to demonstrate various experiments using ibmqx2 quantum processor [8, [18] [19] [20] [21] . Recently several groups have discussed hardware for superconductivity based quantum * ms14103@iisermohali.ac.in † anilnmr@iisc.ac.in processor [9, 14, 15, 17] .
II. THEORY
According to reference [5] for n qubit quantum states the Hilbert space dimension is 2 n , means there are 2 n independent orthogonal quantum states. So we have to design a quantum circuit to discrimininate a set of 2 n orthogonal quantum states. Consider a set of 2 n orthogonal states {φ i }, where i = 1, 2, ...., 2 n . We need n ancilla qubits for proper discrimination of 2 n orthogonal quantum states. Besides this n ancilla qubits, the discrimination circuit requires n Controlled Operations. Selecting these n operators {U j } (where j = 1, 2, ..., n) is the main task in designing the algorithm. The set of {U j } depends on the 2 n orthogonal states in such a way that the set of orthogonal vectors forms the eigen-vector set of the operators, with eigen-values ±1. The sequence of +1 and −1 in the eigen-values should be defined in a special way, as following. Let {e i j } (where i = 1, 2, ..., 2 n ) be the eigen-value array of U j , and it should satisfy following conditions,
• Eigen-value arrays {e i j } of all operators {U j } should contain equal number of +1 and −1.
• For the first operator U 1 , the eigen-value array {e i 1 } can be any possible sequence of +1 and −1 with condition-1.
• The restriction on eigen-value arrays starts from U j=2 onwards. The eigen-value array {e i 2 } of operator U 2 should not be equal to {e i 1 } or its complement and satisfying the condition-1.
• By generalizing the condition-3, the eigen-value array {e 
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Let M j be the diagonal matrix formed by eigen-value array {e i j } of U j operator. The operator U j is directly related to M j by a unitary transformation given by Eq.1,
where V is the matrix formed by the column vectors For a single qubit orthogonal quantum states, the Hilbert space dimension is n = 2. According to the theory(Sec.II) we can discriminate a state from a set of two orthogonal quantum states. Let, the set of single qubit orthogonal quantum states is
The quantum state discrimination circuit can be designed by the general procedure which is discussed in Sec.II. The V matrix for the states {|φ 1 , |φ 2 } is given by Eq.2,
where,
According to the theory(Sec.II) M -operator can be either
Here, we take M = 1 0 0 −1 . According to Eq.1,
Therefore, the Controllrd-U operation [22, 23] Here, we calculate fidelity(Eq.5), average absolute deviation( ∆x )(Eq.6) and maximum absolute deviation(∆x max )(Eq.7) of those experiments. Results are shown in FIG.14 and the state tomography [8] of the experimental desity matrix for both experiments are shown in FIGs.12,13.
In Eq.5, ρ T is the theoretical density matrix and ρ E is the experimental density matrix.
In Eq.6 and Eq.7 x T i,j is the element of theoretical density matrix and x E i,j is the element of experimental density matrix. According to the experiment which is shown in  FIG.7 , the theoretical density matix(ρ T ) of the ancilla qubit is given by Eq.8.
From the measurement results (FIG.11) , we can construct the experimental density matrix(ρ E ) which is given by the Eq.9.
The graphical representation of experimental density matix(Eq.9). The left part shows the real part of the experimental density matrix and right part shows the imaginary part of the density matrix.
In a similar way, we can calculate the theoretical(ρ For the generalization of single qubit case, we can consider a set of arbitrary single qubit orthogonal quantum states which is {|φ 1 = α|0 + β|1 , |φ 2 = α|0 − β|1 }. Where, α and β are real numbers satisfying, |α| 2 + |β| 2 = 1. According to the theory(Sec.II), We can construct the U operator [22, 23] for eignvalue array {1, −1}(Eq.12).
Where,
Results for the experiment-1 and experiment-2.
B. Single Qubit Orthogonal Quantum States Discrimination Using ibmqx2
The real experimental circuits which are shown in  FIG.16 and FIG.17, is (|0 − |1 )(Initially, q[1] is in state |0 , then we apply the σx and H-gate respectively on this state to get state |φ2 ). The meter represents a measurement of the qubit state in σz basis. (FIG.7and FIG.9 ) in σx, σy and σz basis. Probabilities of finding the ancilla qubit in state |1 and |0 are shown in this table. The above result is obtained by taking 8192 number of shots.
FIG. 18. The outcomes of the experiments
Here, we calculate fidelity(Eq.5), average absolute deviation( ∆x )(Eq.6) and maximum absolute deviation(∆x max )(Eq.7) of those experiments.
Results are shown in FIG.21 . From the measurement results (FIG.18) , we can construct the experimental density matrix(ρ E for the first experiment (FIG.16) ) which is given by the Eq.13.
We aslo show the statetomography [8] of those experiments19,20. 
IV. TWO QUBIT ORTHOGONAL QUANTUM STATES DISCRIMINATION
In a similar way, we set up four experiments to discriminate the ortogonal two qunit quantum states. The set of two qubit orthogonal quantum state is
(|00 − |01 )}. The U operator [22, 23] for this case is given by Eqs.15,16
Therefore the controlled-U 1 operation is controlled-I⊗CNOT and the controlled-U 2 operation is controlled-Z⊗CNOT. Here, we prepare the state qubits using Pauli matrices and Hadamard gate. The schematic circuit diagram of the experiment is shown in the FIG.22 . The first part of this figure shows the controlled-U 1 operation and second part shows the controlled-U 2 operation. In these experiments, we cannot use the controlled-NOT gate directly due to the coupling map of the ibmqx4 processor (FIG.6) . We use it in a different way which is shown in FIG.23 . For the generalization of two qubit case, we can consider a set of arbitrary two qubit orthogonal quantum states which is {|φ i } = {α|00 + β|01 , α|01 + β|11 , β|10 − α|11 , β|00 − α|01 }. Where, α and β are real numbers satisfying, |α| 2 + |β| 2 = 1. This set is so chosen that the states are (a)orthogonal, (b)not entangled, (c)different from Bell states, (d)do not have definite parity and (e)contain single-superposed qubits (SSQB) (in this case second qubit is superposed). According to the theory(Sec.II), We can construct the U 1 and U 2 operators [22, 23] for eignvalue array {1, 1, −1, −1} or {1, −1, 1, −1}(Eqs.17,18).
According to the theory(Sec.II), we can discriminate the Bell-states also. We showed the Bell-states discrimination circuit in FIG.31 . The controlled-U operations [22, 23] for this experiment are given in Eqs.19,20 .
Therefore, the controlled-U 1 operation is CNOT⊗CNOT and the controlled-U 2 operation is controlled-Y⊗controlled-Y. Here, we prepare the state qubits using Pauli matrices, Hadamard gate and CONT gate sequencially. We canot setup the Bell-state discrimination circuit in ibmqx2 and ibmqx4 quantum processors. In the particular case of 5-qubit IBM quantum computer, coupling is not present between all qubits(FIGs. 6, 15) . So, in this paper we have done a simulation for four different bell states. We have shown the codes for discrimination of four different Bell-states and the corresponding results in FIGs.32,33,34 and 35. Recently, Mitali Sisodia et al. publish a paper on non-destructive discrimination of Bellstates( [8] ) using Panigrahi-circuit. They discriminate the Bell-states using ibmqx2 processor with a high fidelity. VI. SOME SPECIFICATIONS ABOUT EXPERIMENTAL SETUP
A. Specifications of ibmqx2 Processor
According to the IBMQX2:Sparrow [26] , the ibmqx2 processor went online 24th January, 2017. The connectivity is provided by two coplanar waveguide (CPW) resonators with resonances around 6.0 GHz (coupling Q2, Q3 and Q4) and 6.5 GHz (coupling Q0, Q1 and Q2). Each qubit has a dedicated CPW for control and readout. The FIG.36 shows the chip layout and experimental setup. The fridge temperature of the setup is 0.0176 K. where, ω R i is the resonance frequency of the resonator and ω i = 2π×(E i −E 0 )/h is the qubit frequency with i = {00001, 00010, 00100, 01000, 10000}. The anharmonicity (δ i ) is the difference between the frequency of the 1 to 2 transition and the 0 to 1 transition. That is, it is given by δ i = 2π × (E 2i − 2E i + E 0 )/h. χ is the qubit-cavity coupling strength, and κ is the cavity coupling to the environment. 
B. Specifications of ibmqx4 Processor
According to the IBMQX4:Raven [27] , the ibmqx4 processor went online 25th September, 2017. The connectivity is provided by two coplanar waveguide (CPW) resonators with resonances around 6.6 GHz (coupling Q2, Q3 and Q4) and 7.0 GHz (coupling Q0, Q1 and Q2). Each qubit has a dedicated CPW for control and readout. The FIG.40 shows the chip layout and experimental setup. The fridge temperature of the setup is 0.021 K. where, ω R i is the resonance frequency of the resonator and ω i = 2π×(E i −E 0 )/h is the qubit frequency with i = {00001, 00010, 00100, 01000, 10000}. The anharmonicity (δ i ) is the difference between the frequency of the 1 to 2 transition and the 0 to 1 transition. That is, it is given by δ i = 2π × (E 2i − 2E i + E 0 )/h. χ is the qubit-cavity coupling strength, and κ is the cavity coupling to the environment. 
VII. CONCLUSION
A general method for non-destructive discrimination of a set of orthogonal quantum states using quantum phase estimation algorithm has been descibed, and experimently implemented for a two qubit case by NMR by V. S. Manu et al. [5] . Here, we impliment the same experiment using two types of superconductivity based quantum processor(ibmqx2 and ibmqx4). As the direct measurements are performed only on the ancilla qubit, the discriminated states are preserved. We also show the state-tomography for the single qubit experiment for both types of processor. The experiment confirmed that the arbitrary orthogonal quantum states can be discriminate in a non-destructive manner with a high fidelity. In the IBM quantum processors(ibmqx2 and ibmqx4), coupling is not present between all the qubits. Absence of couplings provides restriction on the applicability of CNOT gates. For this reason we cannot impliment the Bell-states discrimination circuits. For three qubit GHZ-states nad the Bell-states discrimination circuit can be done by using ibmqx3(16-qubit quantum processor). Some of the groups use this 16Q to impliment some experiments [24, 25] .
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